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ABSTRACT
This study goal was to evaluate the effects of 3 different cooking methods (boiling, roasting, and microwaving) 
on mineral concentrations of shrimps from the Bucharest market. Mineral content in shrimp samples was 
evaluated by ICP-OES, and relative humidity was assessed by thermogravimetry. Cooking method insignificantly 
influenced the level of Fe. Ca and K levels were higher in cooked samples compared to raw shrimps, independent 
of cooking method. Essential (Cu, Se, and Zn), and non-essential and toxic (Al, Cd, Ni, and Pb) elements levels were 
significantly increased in boiled shrimps, compared to raw and the other 2 types of cooked samples. Generally, 
after cooking the lowest values of essential trace elements concentration was registered in roasted samples. The 
highest percentage of water loss was found in boiled samples. In general, thermal preparation increased mineral 
concentrations in cooked samples compared to raw shrimps. 
Keywords: shrimp, mineral, heavy metal, thermal preparation
INTRODUCTION
Excepting the professional conditions, humans may be contaminated with heavy metals 
by ingesting contaminated food or water, and by 
polluted air (Järup, 2003). Seafood is considered a major part of human diet. Seafood has been consumed mostly in coastal regions for thousands 
of years, but in recent years, due to the development 
of transport modalities and storage possibilities, their consumption has grown in other regions of the world. Consumers expect that seafood 
should be safe, tasty, easy and quick to prepare, 
low in calories, easy to digest, and nutritive, but recently attracted some concerns regarding their contamination with heavy metals or pathogens 
(Venugopal, 2009). 
Heavy metals have a great ecological signifi-cance due to their toxicity and accumulative 
behavior, seafood being affected by toxic metals water pollution resulted from different sources 
(Dural et al., 2006). The toxicity of these metals is 
also due to their bioaccumulation in all organisms as a result of exposure to metals in food and in 
the environment, including in shrimps. (Ersoy and Çelik, 2010; Joyeux et al., 2004; Morgano et 
al., 2010; dos Santos et al., 2013). Recently, many researchers have evaluated the composition of 
seafood for human consumption (Ozden and 
Erkan, 2011; Amariei et al., 2014; Fatema et 
al., 2015), and also the influence of cooking on the concentrations of various metals or organic 
contaminants in foodstuffs, including seafood, 
which depends on the cooking process, but even 
more on the specific food item (Perelló et al., 2008; 
Domingo J.L., 2010; Maulvault et al., 2013; Tawfik, 
2013).
Cooking method changes foodstuff’s mine-
ral concentrations (Mesko et al., 2016), and could contribute to loss or increasement of 
some essential, non-essential or toxic elements 
concentration (Goran et al., 2016).
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This study’s main goal was to evaluate the 
effects of 3 different cooking methods (boiling, 
roasting, and microwave cooking) on the mineral concentrations of shrimps from the Bucharest 
(Romania) market.
MATERIALS AND METHODS
Samples preparationShrimp samples were represented by 
imported shellfish from USA purchased from 
the supermarkets in Bucharest, Romania. The samples were represented by shelled deep-water 
rose shrimps (Parapenaeus longirostris, Lucas, 
1846) of 3-5 cm, weighed, labelled and packed in 
temperature resistant food plastic bags (samples of 100 g ± 5% each were placed in resistant plastic 
cooking bags). All shrimp samples (n=30) were 
dived into four groups: raw samples, samples 
cooked by boiling (boiled in water with no contact 
between samples and water, for about 3 minutes, 100oC), samples cooked by roasting (with no 
contact between meat samples and oven tray, 
2 minutes, electric oven, 180oC), and samples 
cooked by microwave irradiation (with no contact 
between meat samples and microwave plate, 1.5 
minutes, consumer microwave oven, 1400W). For 
each cooking method the time for cooking was estimated after several tests in order to achieve 
eatable samples. After cooking the samples were 
cooled, stored at 6oC for 24 hours, and then raw 
and cooked samples were drained off before they 
were grinded using the GRINDOMIX GM 200 knife 
mill. From each sample, 0.5 g (wet weight – ww) 
was digested using a Spedwave MWS-2 Berghof microwave oven as following: Step 1: 120oC, power 50%; Step 2: 180oC, power 75%; Step 3: 100oC, power 40%.
Spectrometric analysisDigested samples were diluted to 25 mL with ultrapure water and analysed by Thermo iCAP ICP–
OES spectrometer (RF1100 W; reading time 30 s, 
washing time 30 s, nebuliser gas flow 0.5 L•min-1; 
auxiliary gas flow 0.5 L•min-1; sample injection 
pump flow 50 rpm). Results for each sample are the average of three successive measurements. Calibration curves were developed using standard 
solutions of 0.001 ppm, 0.01 ppm, 0.1 ppm, 1 ppm, 
5 ppm, 10 ppm, 50 ppm obtained by dilution from a multi-element ICP MERCK standard containing 
1000 ml•L-1 of Al, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, 
K, Li, Mg, Mn, Na, Ni, Pb, Se, Sr, and Zn. Analyzed 
minerals for which no concentrations are reported 
in the present work were below method detection limit. 
Relative humidity
The relative humidity of raw and cooked shrimp samples was measured before digestion by thermogravimetry. The operating parameters 
of the thermogravimeter were: t = 9 minutes, T = 
100°C.
Statistical analysis Statistical analysis was performed using the 
software of VassarStats: Website for Statistical 
Computation (http://vassarstats.net/). One-Way 
ANOVA was performed for all samples’ mineral 
concentrations, and when ANOVA generated 
p≤0.05, means comparison was carried out by all-
pair Tukey HSD Test. 
RESULTS AND DISCUSSIONS The mean mineral contents for raw and 
cooked shrimps are presented in table 1. *Levels not connected by the same letter are 
significantly different. The comparison can be made only between thermal preparation methods for the concentration of one element and not between different elements concentrations.
From the 20 elements determined (Al, Ba, Be, 
Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Pb, 
Se, Sr, Zn), only Al, Ca, Cu, Cd, Fe, K, Mg, Na, Ni, Pb, 
Se, and Zn registered levels over analysis method 
detection limit, with no significant differences between different thermal preparation methods only in the case of Fe. 
The macro-minerals, Na, followed by Mg were the major minerals present in raw and 
cooked shrimps, and Na mean levels were 2 to 4 
times lower and Mg about 2-3 times higher (raw 
samples) compared to values reported for raw 
shrimps in other researches (Özden and Erkan, 2011; Öhrvik et al., 2012). In this study, reported to 
raw samples, Mg and Na levels were significantly higher only in microwaved shrimps.
Cooking method insignificantly influenced 
the level of Fe, suggesting a high level of insoluble fraction of this element in shrimp. The highest Fe concentration was found in microwaved samples. 
In literature, there are contradictory results regarding Fe levels. They ranged in raw shrimps 
between 2.2 and 436 mg/kg (Özden and Erkan, 
2011; Kalogeropoulos et al., 2012; Öhrvik et al., 
2012; Ergül H.A., Aksan S., 2013), and in cooked 
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Tab.	1. Mean heavy metal and mineral levels in shrimp meat samples (ppm)
Element Cooking	method Mean Std.	Dev. Std.	Err. p-value
Al* Raw 2.0a 0.1 0.0577 <.0001Boiled 3.267b 0.1528 0.0882Roasted 2.167a 0.2082 0.1202Microwaved 2.967b 0.0577 0.0333
Ca* Raw 95.3 a 0.2646 0.1528 <.0001Boiled 133.667 b 1.5275 0.8819Roasted 139.8 c 0.7211 0.4163Microwaved 144.2 d 0.2 0.1155
Cu* Raw 0.034 a 0.00322 0.0019 <.0001Boiled 0.091 b 0.001 0.0006Roasted 0.041 a 0.0017 0.001Microwaved 0.062 c 0.0015 0.0009
Cd* Raw 0.003 a 0.0014 0.0003 0.0007Boiled 0.005 b 0.0013 0.0002Roasted 0.002 c 0.0015 0.0004Microwaved 0.001 d 0.0016 0.0005
Fe* Raw 1.017 a 0.0153 0.0088 0.06Boiled 1.667 b 0.5774 0.3333Roasted 1.333 c 0.1155 0.0667Microwaved 1.733 d 0.1157 0.0677
K* Raw 54.5 a 0.3 0.1732 <.0001Boiled 60.267 b 0.2517 0.1453Roasted 63.333 c 0.1155 0.0667Microwaved 63.333 c 0.2517 0.1453
Mg* Raw 962.7 a 0.1732 0.1 <.0001Boiled 948.133 b 0.1155 0.0667Roasted 950.0 c 0.001 0.0003Microwaved 991.367 d 0.2309 0.1333
Na* Raw 1467 a 1.7321 1.0 <.0001Boiled 1443.333 b 2.8868 1.6667Roasted 1446.333 a 2.8868 1.6667Microwaved 1511.333 c 1.1547 0.6667
Ni* Raw 0.016 a 0.0015 0.0008 0.0005Boiled 0.022 b 0.002 0.0012Roasted 0.013 c 0.0011 0.0007Microwaved 0.015 d 0.001 0.0006
Pb* Raw 0.003 a 0.0005 0.0003 0.0081Boiled 0.005 b 0.0012 0.0006Roasted 0.003 a 0.0005 0.0003Microwaved 0.004 c 0.0005 0.0003
Se* Raw 0.01 a 0.001 0.0002 0.0005Boiled 0.012 b 0.0009 0.0005Roasted 0.006 c 0.002 0.0011Microwaved 0.006 c 0.001 0.0007
Zn*
Raw 0.243 a 0.0252 0.0145 0.05Boiled 0.33 b 0.01 0.0058Roasted 0.285 c 0.0044 0.0025Microwaved 0.267 d 0.0577 0.0333
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samples were much higher (Kalogeropoulos et 
al., 2012). Ca and K levels were higher in cooked 
samples compared to raw shrimps, independent 
of cooking method. 
Essential (Cu, Se, and Zn), and non-essential 
and toxic (Al, Cd, Ni, and Pb) elements levels were 
significantly increased in boiled shrimps, compared 
to raw and the other two types of cooked samples. 
In literature, concentration of essential elements 
reported both in raw and cooked shrimps were 
much higher than those found in our study. Also, non-essential and toxic elements levels reported in literature registered the same pattern as essential 
elements (Kalogeropoulos et al., 2012; Öhrvik et 
al., 2012; Ergül H.A., Tawfik, 2013; Aksan S., 2013). 
In this study, the mean values of Cd and Pb did not exceed the accepted limit of 0.5 mg Cd•kg-1 and 0.5 mg Pb•kg-1 as defined by the European Union 
(Commission Regulation [EC] No 1881/2006). 
Musaiger and D’Souza (2008) reported a reduction 
of Pb and Cd in shrimp after different cooking 
processes, and in our study only Cd registered lower levels in roasted and microwaved shrimps.
In general, after cooking the lowest values of essential trace elements concentration was registered in roasted samples. The percentage of water loss during boiling 
(63.29%) was higher than the other 2 thermal 
preparation methods (78.93% in roasted samples, 
and 70.66% in microwaved samples).
CONCLUSIONS
In general, thermal preparation increased 
mineral concentrations in cooked samples compared to raw shrimps. The highest mineral 
concentrations, and the highest percentage of 
water loss, respectively were identified in boiled samples. 
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